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1
CARRIER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a carrier, and more particu-
larly, to a carrier which automatically travels on a pathway.

2. Description of the Related Art

In the related art, a carrier which automatically travels on a
pathway 1s known. For example, the carrier includes an envi-
ronmental map storage unit, a distance measuring sensor, and
a control unit.

The environmental map storage unit stores an environmen-
tal map which indicates a region in which structures config-
uring the pathway are present and a region i which the
structures are not present. For example, the distance measur-
ing sensor 1s provided in the front of the carrier and scans laser
light over a range of 270° of the front of the carrier. Thereby,
the distance measuring sensor obtains positional data of
reflectors based on the reflected light from the structures
which configure the pathway and obtains pathway informa-
tion. The control unit performs calculation of the position of
the carrier by collating the environmental map and the
obtained path information (for example, refer to JP 2010-
86416A).

For example, in a warchouse or the like, loads are placed at
locations other than the pathway on which the carnier travels.
Since the distance measuring sensor detects the reflected light
from all obstacles, the distance measuring sensor also detects
the reflected light from the loads 1n addition to the structures
of the pathway. Thereby, the positional data of the reflectors
are different according to presence or absence of the loads or
differences of shapes of the loads, and 1n this case, the path-
way mformation cannot be correctly obtained. As a result, the
position of the carrier cannot be correctly obtained.

SUMMARY OF THE INVENTION

An object of the present invention 1s to correctly obtain a
position of a carrier 1n which the position 1s known by detect-
ing reflected light through a distance measuring sensor.

Hereinatter, a plurality of aspects are described as means
for solving the above-described problems. These aspects may
be combined as desired according to necessity.

A carrier according to an aspect of the present invention
includes a carrier main body, a distance measuring sensor, a
map data storage umt, an approximate line calculation unit,
and a position calculation unit.

The carrier main body travels on a pathway including a first
area and a second area other than the first area.

The distance measuring sensor 1s provided in the carrier
main body, measures an intensity of retlected light a plurality
of times, and obtains a plurality of pieces of measured data.

The map data storage unit stores map data in which struc-
tures provided along the pathway are recorded.

The approximate line calculation umit calculates an
approximate line based on a set of pieces of measured data
having the light intensity equal to or more than a predeter-
mined threshold among the plurality of pieces of measured
data in the first area and calculates the approximate line based
on the set of the plurality of pieces of measured data 1n the
second area.

The position calculation unit calculates a position of the
carrier main body by collating the approximate line and the
map data.

The pathway includes the first area and the second area
other than the first area.
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For example, the first area may be an area in which the
peripheral environment of the pathway 1s easily changed and
which 1s between racks for placing loads. Since various large
and small loads are put 1n and out the rack, the peripheral
environment of the pathway 1s changed according to the pres-
ence or absence of the load, the size of the load, and the like
in the first area. Thereby, the measured data obtained by the
distance measuring sensor may also be changed at the time of
the measurement according to the peripheral environment
such as the load. Therefore, for example, a reflecting plate
which reflects the light with an intensity equal to or more than
the predetermined threshold 1s provided along the pathway 1n
the first area.

In the first area in which the peripheral environmental 1s
casily changed, the approximate line calculation unit calcu-
lates the approximate line based on the set of the pieces of
measured data which have an intensity equal to or more than
the predetermined threshold. That 1s, when the carrier travels
on the first area, the approximate line calculation unit calcu-
lates the approximate line based on only the measured data
which detects the reflected light from the reflecting plate.
Even when the peripheral environment of the pathway 1s
changed according to the presence or absence of the load, the
s1ze of the load, and the like, the reflected light from the
reflecting plate 1s not easily subjected to the influence due to
the change of the peripheral environment. In this way, since
the approximate line which indicates the pathway 1s calcu-
lated by only the measured data which 1s not easily subjected
to the influence of the peripheral environment, the pathway
information can be correctly calculated.

On the other hand, for example, the second area may be an
area in which the change of the peripheral environment of the
pathway 1s small and which includes the wall and the like. The
reflecting plate 1s not provided in the second area, and the
light 1s reflected with an intensity smaller than the predeter-
mined threshold. Moreover, when the carrier travels on the
second area, the approximate line calculation unit calculates
the approximate line based on all the pieces of measured data
which are measured by the distance measuring sensor. Com-
pared to the first area, the change of the peripheral environ-
ment 1s smaller 1n the second area, and 1t 1s not necessary to
limit the measured data for calculating the approximate line
to predetermined data.

As described above, since the approximate line 1s calcu-
lated 1n each of the first area and the second area, the approxi-
mate line having high accuracy according to the peripheral
environment can be calculated. Therefore, pathway informa-
tion 1s correctly obtained even when the peripheral environ-
ment 1s changed, and the position of the carrier main body can
be correctly calculated.

The set of the pieces of measured data having the light
intensity equal to or more than the predetermined threshold
may include a plurality of small sets which are separated from
one another, and at least one of the measured data may be
included in each small set.

When the approximate line 1s calculated using only one
small set, one point of measured data greatly influences the
extension direction of the approximate line, that 1s, the incli-
nation. This 1s because only limited range of measured data
with respect to the extension direction of the approximate line
1s included in one small set. Thereby, even when only one of
the measured data has an error, the approximate line has a
great error. Therefore, 1 order to solve the above-described
problems, 1n the carrier according to the aspect of the present
invention, the approximate line 1s calculated using the plural-
ity of small sets which are separated from one another and
using the measured data included in each of the small sets. In




US 9,062,975 B2

3

this way, since the plurality of pieces ol measured data having,
the positions separated from one another are used, the 1ntlu-
ence of the measured data having errors to the inclination of
the approximate line 1s decreased, and accuracy of the
approximate line can be improved.

A plurality of structures may be provided along the path-
way 1n the first area, and a reflecting plate which retlects the
light with an intensity equal to or more than the predeter-
mined threshold may be provided on each structure.

For example, the structure may be the columns of the rack
which are provided with a predetermined interval. The
approximate line calculation unit calculates the approximate
line based on the measured data from the reflecting plate
which 1s provided on each structure. The approximate line
indicates the positional data of the structure. The position
calculation unit can calculate the position of the carrier main
body by collating the approximate line which indicates the
positional data of the structure and the map data which
records the structure.

The reflecting plate may be provided only on a surface
opposite to the first area of the structure.

The reflecting plate 1s provided at least on the surface
opposite to the first area. Thereby, the retlected light which 1s
reflected by the retlecting plate and has an intensity equal to or
more than the predetermined threshold can be detected 1n the
first area. Moreover, the measured data of the light reflected
by the reflecting plate 1s selected among the plurality of pieces
of measured data based on the predetermined threshold and
can be used for the calculation of the approximate line. On the
other hand, since all the pieces of measured data are used for
the calculation of the approximate line 1n the second area, 1t 1s
not necessary to select the measured data based on the pre-
determined threshold.

In the carrier according to the present invention, the posi-
tion of the carrier can be correctly obtained.

The above and other elements, features, steps, characteris-
tics and advantages of the present invention will become more
apparent from the following detailed description of the pre-
terred embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a plan view of a carrier system:;

FIG. 2 1s an explanatory view illustrating a state where
loads are placed on a rack;

FI1G. 3 1s an explanatory view illustrating a retlecting plate
which 1s provided on a column of the rack;

FIGS. 4A to 4C are enlarged views of the reflecting plate
which 1s provided on the column of the rack, FIG. 4A 1s an
enlarged view of a column 10a, FIG. 4B 1s an enlarged view
of acolumn 105, and FIG. 4C 1s an enlarged view of a column
10d;

FIG. § 1s a configuration view 1llustrating a control con-
figuration of the carrier;

FIG. 6 1s an explanatory view illustrating a state where
reflected light 1s measured by a distance measuring sensor 50;

FIGS. 7A and 7B are explanatory views illustrating a set of
pieces of measured data which are used in calculation of an
approximate line 1n a first area A, FIG. 7A 1s the explanatory
view 1llustrating small sets of the measured data, and FI1G. 7B
1s the explanatory view illustrating the approximate line of
each of the small sets:

FIGS. 8A to 8C are explanatory views explaining an error
of the approximate line in the first area A, FIG. 8A 15 a
relationship view between the column and the measured data,
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FIG. 8B 1s the approximate line for each column, and FIG. 8C
1s the approximate line corresponding to a plurality of col-
umns;

FIG. 9 1s an explanatory view 1llustrating the disposition of
the columns 1n map data;

FIG. 10 1s an explanatory view illustrating collation
between the approximate line and the map data;

FIG. 11 1s an example of a tflow chart 1llustrating the flow of
processing of the present preferred embodiment;

FIG. 12 1s an explanatory view 1llustrating a state where the
reflecting plates are provided on three surfaces in which the
carrier of the first area A can detect retlected light; and

FIG. 13 1s an explanatory view illustrating a modification
of positions 1n which the reflecting plates are provided.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

(1) Carrier System

(1-1) Overall Configuration

A configuration of a carrier system will be described with
reference to FIGS. 1 and 2. FIG. 1 1s a plan view of the carrier
system. FIG. 2 1s an explanatory view illustrating a state
where loads are placed on rack.

For example, a carrier system 1 1s provided 1n aroom which
1s surrounded by a wall 2 as illustrated in FIG. 1. The carrier
system 1 includes a rack 4 (4a, 4b, 4c, 4d, 4e, and 4f) for
placing the loads, a first and second areas A and B, and a
carrier 3 which travels on the first and second areas A and B.

For example, the rack 4 1s disposed so that two racks 4 are
one set. In FIG. 1, the rack 4a and the rack 45 are adjacent to
cach other and are disposed as one set. Similarly, the rack 4¢
and the rack 4d are disposed as one set, and the rack 4e and the
rack 4f are disposed as one set. As illustrated 1n FIG. 2, a
plurality of columns 10 and tloor plates 11 are combined, and
thereby, the rack 4 1s configured so that a plurality of steps of
storage shelves are formed in vertical and horizontal direc-
tions. Various large and small loads 15 are placed on the
storage shelves.

The first area A and the second area B are a pathway on
which the carrier 3 travels. In the present preferred embodi-
ment, the first area A 1s between the racks 4, and the second
area B 1s between the rack 4 and the wall 2. Putting 1n and out
of the load to the rack 4 1s performed by the carrier 3 which
travels on an area which the rack 4 faces. For example, the
rack 4b faces the firstarea A, and putting 1n and out of the load
15 1s performed by the carrier 3 which travels on the first area
A. On the other hand, the rack 4a faces the second area B, and
putting in and out of the load 15 is performed by the carrier 3
which travels on the second area B.

The carrier 3 mainly includes a carrier main body 3a, a
distance measuring sensor 50, and a control unit 40 (refer to
FIG. 5). A traveling motor 51 (refer to FIG. §) and traveling
wheels 3b are provided on the carrier main body 3a. In FIG.
1, an example of the traveling direction of the carrier 3 1s
indicated by thick arrows.

(1-2) Column and Reflecting Plate of Rack

Next, the column and a reflecting plate 20 of the rack 4 will
be described with reference to FIGS. 3 and 4C. FIG. 3 1s an
explanatory view illustrating a reflecting plate which is pro-
vided on the column of the rack. FIGS. 4A to 4C are enlarged
views of the reflecting plate which 1s provided on the column
of the rack, FIG. 4A 1s an enlarged view of a column 104, and
FIG. 4B 1s an enlarged view of a column 1054.

As illustrated 1in FIG. 3, the first area A 1s between the rack
45 and the rack 4¢, and the second area B 1s between the racks
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45 and 4¢ and the wall 2. The columns 104, 105, 10¢ . . . of the
racks 4b and 4¢ are provided so as to face the first area A. The

column 10q 1s positioned in the end of the racks 456 and 4c.

For example, as 1llustrated 1n FIGS. 3 to 4C, the column 10
of the rack 4 1s formed 1n a square shape having four surfaces,
and the one side 1s parallel to the extension direction of the
first area A. The positions 1n which the reflecting plates 20 are
provided are various. However, for example, there may be a
case where the reflecting plate 20 1s provided at least on the
surface opposite to the first areca A or a case where the retlect-
ing plate 20 1s provided only on the surface opposite to the
first area A.

As an example, 1n the column 10a which 1s positioned 1n
the end of the rack 4, the reflecting plate 204 1s provided on
two surfaces in which the carrier 3 traveling on the first area
A can detect the reflected light. Specifically, as illustrated in
FIG. 4 A, the column 10a which 1s positioned 1n the end of the
rack 4 includes a first surface 10a-1, a second surface 10a-2,
a third surface 104-3, and a fourth surface 10a-4. The first
surface 10a-1 1s a surface parallel to the extension direction of
the first area A and the third surface 10a-3 1s a surface oppo-
site to the second area B. The reflecting plate 20q 1s provided
on the first surface 10a-1 and the second surface 10a-2 and 1s
not provided on the third surface 10a-3 and the fourth surface
10a-4.

Moreover, in the columns 105, 10c¢. . . which are positioned
other than the end of the rack 4, the reflecting plates 205,
20¢, . . . are provided only on one surface opposite to the first
area A. Specifically, as illustrated 1n FI1G. 4B, the column 1056
includes a first surface 105-1, a second surface 1054-2, a third
surface 106-3, and a fourth surface 105-4. The first surface
1056-1 1s a surface parallel to the extension direction of the first
area A. The retlecting plate 2056 1s provided only on the first
surface 105-1 and 1s not provided on the second surface
1056-2, the third surface 1056-3, and the fourth surface 1056-4.

Moreover, as 1llustrated 1n FIG. 4C, the column 104 which
1s provided on the end opposite to the column 10q 1ncludes a
first surface 10d-1, a second surface 104-2, a third surface
10d4-3, and a fourth surface 10d4-4. The first surface 10d4-11s a
surface parallel to the extension direction of the first area A
and the second surface 10d4-2 1s a surface opposite to the
second area B. The reflecting plate 204 1s provided on the first
surface 10d4-1 and the third surface 104-3 and 1s not provided
on the second surface 104-2 and the fourth surface 10d4-4.

(2) Control Configuration of Carrier

Next, the control configuration of the carrier 3 will be
described with reference to FIGS. 1 and 5. FIG. 5 1s a con-
figuration view 1illustrating the control configuration of the
carrietr.

The carrier 3 includes the control unit 40 as a function unait.
The control unit 40 1s a computer including a CPU, a RAM,
and a ROM, and achieves a travel control by performing a
predetermined program. The distance measuring sensor 50,
the traveling motor 51, and the like are connected to the
control unit 40.

The distance measuring sensor 50 1s a sensor for detecting,
obstacles which are positioned at the front side 1n the travel-
ing direction of the carrier 3. The distance measuring sensor
50 1s a laser range finder, sends laser pulse signals to a target
by a laser emitter, receives the laser pulse signals which are
reflected from the target through a laser receiver, and calcu-
lates the distance based on the reflected laser pulse signals.
The distance measuring sensor 50 can apply the emitted laser
in the horizontal direction 1n a fan shape of an approximately
2'70° 1n the front of the carrier main body 3a by retlecting the
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emitted laser through a rotating mirror. For example, the scan
period of the laser range finder 1s 25 to 100 msec intervals.

The traveling motor 51 imparts driving force to the travel-
ing wheels 356 and 1s a driving portion which enables the
carrier main body 3a to travel.

The control unit 40 includes a storage unit 41, a position
calculation unit 46, an approximate line calculation unit 47,
and a travel control unit 48. In addition, the storage unit 41
includes a map data DB (Data Base) 42, an approximate line
DB 43, a light recerving intensity threshold DB 44, and a
distance measurement data DB 45.

The map data DB 42 stores map data which describes at
least the position of the column 10 of the rack 4. In addition,
the position of the wall 2 may be described in the map data.

The approximate line DB 43 stores the approximate line
which 1s calculated by the approximate line calculation umit
47.

The light receiving intensity threshold DB 44 stores the
light recerving intensity threshold for distinguishing the
reflected light from the reflecting plate 20 or the reflected light
from other than the reflecting plate 20.

The distance measurement data DB 45 stores measured
data which indicates the light recerving intensity of the
reflected light measured by the distance measuring sensor 50.

The approximate line calculation unit 47 has a function
which calculates the approximate line based on the measured
data measured by the distance measuring sensor 50.

The position calculation unit 46 specifies a current position
of the carrier main body 3a by comparing the calculated
approximate line and the map data. Thereby, the position
calculation unit 46 has a function which correctly grasps the
current position of the carrier 3.

The travel control unit 48 has a function which controls the
traveling motor 51 based on the given travel command and the
current position.

Hereinaftter, the operation of the function unit of the carrier
3 will be described in detail along with descriptions of a
position calculation method of the carrier 3.

(3) Position Calculation Method of Carrier

(3-1) Measurement of Reflected Light

The distance measuring sensor 50 applies light and mea-
sures the light recetving intensity of all reflected light. FIG. 6
1s an explanatory view illustrating a state where the reflected
light 1s measured by the distance measuring sensor 50. In not
only the case where the carrier 3 travels on the first area A but
also the case where the carrier 3 travels on the second area B,
the distance measuring sensor 50 applies the light in the range
of an approximately 270° and measures the reflected light.
For example, the distance measuring sensor 50 measures the
light receiving intensity of all the reflected light such as the
reflected light from the wall 2, the column 10, the reflecting
plate 20, and the load 185.

The distance measurement data DB 45 stores the light
receiving intensity of the reflected light which 1s measured by
the distance measuring sensor 50 as measurement data.
(3-2) Calculation of Approximate Line
(a) Determination of Area

First, based on the map data of the map data DB 42 and the
travel data from the travel control unit 48, the approximate
line calculation unit 47 specifies which of the first area A and
the second area B the carrier 3 travels. For example, the
approximate line calculation unit 47 determines which area
the carrier 3 1s positioned with respect to the 1nitial position in
the map data based on travel data including the speed, the
traveling direction, and the like.
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(b) Calculation of Approximate Line for Each Area

In a case where 1t 1s determined that the carrier 3 1s posi-
tioned 1n the first area A, the approximate line calculation unit
4’7 selects measured data which has an intensity of the light
equal to or more than a predetermined threshold among the
plurality of pieces of measured data. The approximate line

calculation unit 47 calculates the approximate line based on
the set of the pieces of selected measured data.

On the other hand, 1n a case where it 1s determined that the

carrier 3 1s positioned 1n the second area B, the approximate

line calculation unit 47 does not select measured data and
calculates the approximate line using all pieces of measured
data. The second area B 1s a pathway which faces the wall 2,
and the distance measuring sensor 30 mainly measures the
intensity of the retlected light from the wall 2. Accordingly,
the approximate line calculation unit 47 can calculate the
approximate line corresponding to the wall 2. Moreover, the
approximate line calculation unit 47 may calculate the
approximate line using only the measured data along the wall
2 1n the map data instead of using all pieces of measured data.

(c) Detail Description of Approximate Line Calculation 1n
First Area A

Next, the calculation method of the approximate line 1n the
first area A will be specifically described below with refer-
ence to FIGS. 6 to 7B. FIGS. 7A and 7B are explanatory
views 1llustrating a set of pieces of measured data which are
used 1n calculation of the approximate line 1n the first area A,
FIG. 7A 1s the explanatory view illustrating small sets of the
measured data, and FIG. 7B 1s the explanatory view 1llustrat-
ing the approximate line of each of the small sets.

As 1llustrated 1n FIG. 6, the carrier 3 travels on the first area
A. At this time, the distance measuring sensor 30 measures
the intensity of all the reflected light. For example, the
reflected light from the reflecting plates 20a, 205, and 20c¢ of
the racks 45 and 4c¢, the load 15, and the like 1s measured, and
the measured reflected light 1s stored 1n the distance measure-
ment data DB 45.

Since the carrier 3 travels on the first area A, the approxi-
mate line calculation unit 47 reads a predetermined threshold
from the light recerving intensity threshold DB 44. Here, the
predetermined threshold 1s a value for determining whether or
not the recerved light 1s the light which 1s reflected from the
reflecting plate 20.

The approximate line calculation unit 47 selects the mea-
sured data which 1s equal to or more than the predetermined
threshold by comparing the measured data of the distance
measurement data DB 45 and the predetermined threshold.
That 1s, as illustrated in FIG. 6, only the measured data with
respect to the light reflected from the retlecting plates 20a,
205, and 20¢ of the racks 4b and 4c¢ 1s extracted (refer to thick
dashed lines of FIG. 6). For example, the measured data
which 1s equal to or more than the selected predetermined
threshold 1s distributed as illustrated in FIG. 7A.

According to FIG. 7A, a plurality of pieces of measured
data 25 are distributed along the reflecting plate 20 of the
column 10. Moreover, 1n FIGS. 7A and 7B, a y direction 1s a
direction along the extension direction of the first area A, and
an X direction 1s a direction perpendicular to the y direction.
Theorigin of “0” 1nx and y indicates the position of the carrier
3. The position of x1 1n the x coordinate corresponds to the
column 10 of the rack 4¢, the position of (x1, y2) corresponds
to the column 10a, the position of (x1, y1) corresponds to the
column 1054, and the position of (x1,-y1) corresponds to the
column 10c¢. Moreover, the position of —x1 1n the X coordinate
corresponds to the column 10 of the rack 45, the position of
(—x1, y2) corresponds to the column 104, the position of (—x1,
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y1) corresponds to the column 105, and the position of (—x1,-
y1) corresponds to the column 10c.

In FIG. 7A, small sets A, B, and C corresponding to the
columns 10a, 105, and 10c¢ of the rack 45 are 1llustrated as the
small set of the pieces of measured data 25 which 1s equal to
or more than the predetermined threshold. Since the reflecting
plate 20 1s provided on two surfaces in the column 10a, the
measured data 25 1s distributed along two surfaces of the
column 10a. Since the retlecting plate 20 1s provided on only
one surface in the columns 105 and 10c¢, the measured data 25
1s distributed along the one surface of the columns 106 and
10c. Here, similar to the columns 10 being separated from one
another by a predetermined distance, the small sets are sepa-
rated from one another by a predetermined distance respec-
tively. The approximate line calculation unit 47 calculates the
approximate line using the measured data which 1s included
in the set including the small sets A, B, and C.

For example, the approximate line calculation unit 47 reads
the positions of each of the columns 10a, 105, and 10c¢ of the
rack 45 from the map data DB 42, and the measured data 235
which approaches and corresponds to each of the columns
104,105, and 10¢ of the rack 454 1s set to each of the small sets
A, B, and C. In addition, the approximate line calculation unit
4’7 calculates the approximate line 60 for each of the small
sets A, B, and C. At this time, as 1llustrated in FIG. 7B, the
approximate line calculation unit 47 calculates two approxi-
mate lines 60a and 60d along two surfaces with respect to the
column 10q of the rack 45. Moreover, the approximate line
calculation unit 47 calculates approximate lines 605 and 60c¢
with respect to the column 106 and 10c¢ of the rack 45 respec-
tively. Similarly, the approximate line calculation unit 47
calculates approximate lines 60e and 60/ with respect to the
column 10a of the rack 4¢ and calculates approximate lines
60/ and 60g with respect to the column 105 and 10¢ of the rack
dc respectively.

Next, the approximate line calculation unit 47 considers a
plurality of small sets, in which the extension directions of the
approximate lines 60 are the approximately same direction,
the x coordinates are the same degree, and the distances are
near, as one set. Here, the X coordinates of the approximate
lines 60a, 605, 60c, and 60d are 1n the vicinity of —x1 and have
the same degree. However, the extension directions of the
approximate lines 60a, 605, and 60c are different from that of
the approximate line 60d4. Therefore, the measured data 25
which 1s used 1n the calculation of the approximate line 60d 1s
excluded from the small set A. Thereby, only the measured
data 25 along the approximate line 60 1s included 1n the small
set A. Moreover, the small sets A, B, and C 1n which the y
coordinates are —y1, y1, and y2 and the distances are near are
considered as one set. The approximate line calculation unit
4’7 calculates the approximate line 62 along each of the col-
umns 10qa, 105, and 10c¢ of the rack 46 based on the measured
data 25 along the approximate lines 60a, 605, and 60c which
are included 1n the one set. Similarly, the approximate line
calculation unit 47 considers the measured data 25 along
approximate lines 60¢, 607, and 60g as one set and calculates
the approximate line 62 along each of the columns 10a, 105,
and 10c¢ of the rack 4¢ based on the measured data.

The approximate line calculation unit 47 stores the calcu-
lated approximate line 1n the approximate line DB 43.

(d) Error of Approximate Line

FIGS. 8A to 8C are explanatory views explaining an error
of the approximate line in the first areca A, FIG. 8A 15 a
relationship view between the column and the measured data,
FIG. 8B is the approximate line for each column, and FI1G. 8C
1s the approximate line corresponding to a plurality of col-
umns.
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As 1llustrated 1n FIG. 8A, the plurality of pieces of mea-
sured data 25 corresponding to the column 10q are extracted.

Similarly, the plurality of pieces of measured data 25 corre-
sponding to the column 105 are extracted. Moreover, 1f each
of the approximate lines 60a and 605 for each of the columns
10a and 1056 1s calculated, the calculated approximate lines
becomes the lines 1llustrated in FIG. 8B. On the other hand, 1t
the approximate line 62 1s calculated using the measured data
25 of both columns 10a and 105, the approximate line 37
becomes the line 1llustrate 1n FIG. 8C. Since the line of FIG.
8C 1s the closer calculation of the approximate line along the
columns 10a and 105 than the line of FIG. 8B, 1t 1s found that
the errors of FIG. 8C are smaller than those of FIG. 8B.

As 1llustrated in FIG. 8B, when the approximate line 1s
calculated using only one small set, one point of measured
data greatly influences the extension direction of the approxi-
mate line, that 1s, the inclination. This 1s because only limited
range of measured data with respect to the extension direction
of the approximate line 1s included 1n one small set. Thereby,
even when only one of the measured data has an error, the
approximate line has a great error. Therefore, 1n order to solve
the problem, in the carrier 3 of the present preferred embodi-
ment, the approximate line 1s calculated using the plurality of
small sets which are separated from one another by equal to or
more than a predetermined distance and using the measured
data included 1n each of the small sets. In this way, since the
plurality of pieces of measured data having the positions
separated from one another are used, the influence of the
measured data having errors to the inclination of the approxi-
mate line 1s decreased, and accuracy of the approximate line
can be improved.

(3-3) Calculation of Current Position

Next, a calculation method of the current position of the
carrier main body 3a will be described with reference to
FIGS. 9 and 10. FIG. 9 1s an explanatory view 1llustrating the
disposition of the columns in the map data. FIG. 10 1s an
explanatory view 1illustrating collation between the approxi-
mate line and the map data.

The position calculation unit 46 reads the map data from
the map data DB 42. The map data includes data which
indicates the disposition of at least each column 10 as 1llus-
trated 1n FIG. 9. In FIG. 9, the first area A 1s between the
column 10 of the rack 46 and the column 10 of the rack 4c.

Moreover, the position calculation unit 46 reads the latest
calculated approximate line from the approximate line DB
43. In addition, as illustrated 1n FI1G. 10, the position calcu-
lation unit 46 collates the approximate line and the map data.
That 1s, the approximate line 62 and the column 10 of the map
data are fitted so as to coincide with each other. The position
calculation unit 46 calculates the current position of the car-
rier main body 3a based on the collated results. Thereby, the
current position of the carrier 3 which travels on the first area
A can be correctly specified.

The travel control unit 48 controls the traveling motor 51
based on the calculated current position and the travel com-
mand, and then causes the carrier 3 to travel.

(4) E

FEftects of the Present Preferred Embodiment

As described above, the first area A may be an area in which
the peripheral environment of the pathway 1s easily changed
and which 1s between racks for placing the loads. Since vari-
ous large and small loads are put 1n and out the rack, the
peripheral environment of the pathway 1s changed according,
to the presence or absence of the load, the size of the load, and
the like 1n the first area A. Thereby, the measured data
obtained by the distance measuring sensor may also be
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changed at the time of the measurement according to the
peripheral environment such as the load. Therefore, for
example, the reflecting plate which retlects the light with an
intensity equal to or more than the predetermined threshold 1s
provided along the pathway in the first area A.

In the first area A 1n which the peripheral environmental 1s
casily changed, the approximate line calculation unit 47 cal-
culates the approximate line based on the set of the pieces of
measured data which has an intensity equal to or more than
the predetermined threshold. That 1s, when the carrier travels
on the first area A, the approximate line calculation unit 47
calculates the approximate line based on only the measured
data which detects the retlected light from the reflecting plate
20. Even when the peripheral environment of the pathway 1s
changed according to the presence or absence of the load, the
s1ize of the load, and the like, the reflected light from the
reflecting plate 20 1s not easily subjected to the influence due
to the change of the peripheral environment. In this way, since
the approximate line which indicates the pathway 1s calcu-
lated by only the measured data which 1s not easily subjected
to the influence of the peripheral environment, the pathway
information can be correctly calculated.

On the other hand, the second area B may be an area 1n

which the change of the peripheral environment of the path-
way 1s small and which includes the wall and the like. The
reflecting plate 20 1s not provided in the second area B, and
the light 1s reflected with an intensity smaller than the prede-
termined threshold. Moreover, when the carrier travels on the
second area B, the approximate line calculation unit 47 cal-
culates the approximate line based on all the pieces of mea-
sured data which are measured by the distance measuring
sensor 50. Compared to the first area A, the change of the
peripheral environment 1s smaller 1n the second area B, and 1t
1s not necessary to limit the measured data for calculating the
approximate line to predetermined data.

As described above, since the approximate line 1s calcu-
lated 1n each of the first area A and the second area B, the
approximate line having high accuracy according to the
peripheral environment can be calculated. Therefore, path-
way information 1s correctly obtained even when the periph-
eral environment 1s changed, and the position of the carrier

main body can be correctly calculated.

(3) Flow of Processing

FIG. 11 1s an example of a tlow chart illustrating the flow of
processing of the present preferred embodiment.
Step S1: the distance measuring sensor 50 applies light, mea-
sures the light recerving intensity of all the reflected light, and
stores the measured intensity in the distance measurement
data DB 45.
Step S2: the approximate line calculation unit 47 determines
that the carrier 3 1s positioned 1n any one of the first area A and
the second area B based on the map data, the travel data, and
the like. It proceeds to a step S3 when the carrier 3 1s posi-
tioned 1n the first area A, and it proceeds to a step S5 when the
carrier 3 1s positioned 1n the second area B.
Step S3: 1n the first area A, the approximate line calculation
unmt 47 compares the predetermined threshold of the light
receiving intensity threshold DB 44 and the measured data,
and extracts the measured data equal to or more than the
predetermined threshold.
Step S4: the approximate line calculation unit 47 calculates
the approximate line using the measured data which 1s
extracted and stores the measured data 1n the approximate line

DB 43.
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Step S5: 1n the second area B, the approximate line calcula-
tion unit 47 calculates the approximate line using all pieces of

measured data without selecting the measured data.

Step S6: the position calculation unit 46 collates the map data
of the map data DB 42 and the approximate line.

Step S7: the position calculation unit 46 calculates the current
position of the carrier main body 3a based on the collated
results.

(6) Effects of Preferred Embodiment

The above-described preferred embodiment can be repre-
sented as follows.

(A) The carrier 3 (an example of a carrier) icludes the
carrier main body 3a (an example of a carrier main body), the
distance measuring sensor 50 (an example of a distance mea-
suring sensor ), the map data DB 42 (an example of a map data
storage unit), the approximate line calculation unit 47 (an
example of an approximate line calculation unit), and the
position calculation unit 46 (an example of a position calcu-
lation unit).

The carrier main body 3a travels on the pathway including
the first area A and the second area B other than the first area
A.

The distance measuring sensor 50 1s provided 1n the carrier
main body 3a, measures the intensity of the retlected light a
plurality of times, and obtains the plurality of pieces of mea-
sured data.

The map data DB 42 stores the map data in which the
structures provided along the pathway are recorded.

The approximate line calculation umt 47 calculates the
approximate line based on the set of the pieces of measured
data having the light intensity equal to or more than the
predetermined threshold among the plurality of pieces of
measured data in the first area A, and the approximate line
calculation unit 47 calculates the approximate line based on
the set of the plurality of pieces of measured data in the
second area B.

The position calculation unit 46 calculates the position of
the carrier main body 3a by collating the approximate line and
the map data.

The pathway includes the first area A and the second area B
other than the first area A.

For example, the first area A may be an area in which the
peripheral environment of the pathway 1s easily changed and
which 1s between racks for placing the loads. Since various
large and small loads are put 1n and out the rack, the peripheral
environment of the pathway 1s changed according to the pres-
ence or absence of the load, the size of the load, and the like
in the first area A. Thereby, the measured data obtained by the
distance measuring sensor 50 may also be changed at the time
of the measurement according to the peripheral environment
such as the load. Therefore, for example, the retlecting plate
20 which reflects the light with an mtensity equal to or more
than the predetermined threshold 1s provided along the path-
way 1n the first area A.

In the first area A 1n which the peripheral environmental 1s
casily changed, the approximate line calculation unit 47 cal-
culates the approximate line based on the set of the pieces of
measured data which has an intensity equal to or more than
the predetermined threshold. That 1s, when the carrier travels
on the first areca A, the approximate line calculation unit 47
calculates the approximate line based on only the measured
data which detects the retlected light from the reflecting plate
20. Even when the peripheral environment of the pathway 1s
changed according to the presence or absence of the load, the
s1ze of the load, and the like, the reflected light from the
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reflecting plate 20 1s not easily subjected to the influence due
to the change of the peripheral environment. In this way, since
the approximate line which indicates the pathway 1s calcu-
lated by only the measured data which 1s not easily subjected
to the influence of the peripheral environment, the pathway
information can be correctly calculated.

On the other hand, for example, the second area B may be
an area in which the change of the peripheral environment of
the pathway 1s small and which includes the wall and the like.
The retlecting plate 20 1s not provided 1n the second area B,
and the light 1s reflected with an intensity smaller than the
predetermined threshold. Moreover, when the carrier travels
on the second area B, the approximate line calculation unit 47
calculates the approximate line based on all the pieces of
measured data which are measured by the distance measuring
sensor 50. Compared to the first area A, the change of the
peripheral environment 1s smaller 1n the second area B, and 1t
1s not necessary to limit the measured data for calculating the
approximate line to predetermined data.

As described above, since the approximate line 1s calcu-
lated 1n each of the first area A and the second area B, the
approximate line having high accuracy according to the
peripheral environment can be calculated. Therefore, the
pathway information 1s correctly obtained even when the
peripheral environment i1s changed, and the position of the
carrier main body 3a can be correctly calculated.

(B) The set of the pieces of measured data having the light
intensity equal to or more than the predetermined threshold
includes the plurality of small sets which are separated from
one another, and at least one of the measured data 1s included
in each small set.

When the approximate line 1s calculated using only one
small set, one point of measured data greatly influences the
extension direction of the approximate line, that 1s, the incli-
nation. This 1s because only limited range of measured data
with respect to the extension direction of the approximate line
1s included in one small set. Thereby, even when only one of
the measured data has an error, the approximate line has a
great error. Therefore, the approximate line 1s calculated
using the plurality of small sets which are separated from one
another and using the measured data included 1n each of the
small sets. In this way, since the plurality of pieces of mea-
sured data having the positions separated from one another
are used, the mfluence of the measured data having errors to
the inclination of the approximate line 1s decreased, and accu-
racy of the approximate line can be improved.

(C) A plurality of columns 10 (an example of a structure)
are provided along the pathway in the first area A, and the
reflecting plates 20 (an example of a reflecting plate) which
reflect the light with an intensity equal to or more than the
predetermined threshold are provided on each of the columns
10 respectively.

For example, the structure may be the columns 10 of the
rack which are provided with a predetermined interval. The
approximate line calculation unit 47 calculates the approxi-
mate line based on the measured data from the reflecting plate
20 which 1s provided on each column 10. The approximate
line 1indicates the positional data of the column 10. The posi-
tion calculation unit 46 can calculate the position of the car-
rier main body 3a by collating the approximate line which
indicates the positional data of the column 10 and the map
data which records the column 10.

(D) The reflecting plate 20 1s provided only on the surface
opposite to the first area A of the structure.

The reflecting plate 20 1s provided at least on the surface
opposite to the first area A. Thereby, the reflected light which
1s reflected by the reflecting plate 20 and has an intensity
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equal to or more than the predetermined threshold can be
detected 1n the first area A. Moreover, the measured data of
the light reflected by the reflecting plate 20 1s selected among,
the plurality of pieces of measured data based on the prede-
termined threshold and can be used for the calculation of the
approximate line. On the other hand, since all the pieces of
measured data are used for the calculation of the approximate
line 1n the second area B, it 1s not necessary to select the
measured data based on the predetermined threshold.

(7) Other Preferred Embodiment

As described above, a preferred embodiment of the present
invention 1s explained. However, the present invention 1s not
limited to the above-described preferred embodiment, and
various modifications can be performed within the scope
which does not depart from the gist of the mnvention. Particu-
larly, a plurality of preferred embodiments and modifications
which are described in the present specification can be com-
bined as desired according to necessity.

(a) In the above-described preferred embodiment, as 1llus-
trated in FIGS. 4A to 6, the column 10 of the rack 4 1s a square
shape which has four surtaces. Moreover, 1n the column 10qa
which 1s positioned 1n the end of the rack 4, the reflecting plate
20a 1s provided on two surfaces 1n which the carrier 3 travel-
ing on the first area A can detect the reflected light. In addi-
tion, in the columns 105, 10¢ . . . which are positioned other
than the end of the rack 4, the reflecting plates 205, 20c, . . . are
provided only on one surface opposite to the first area A.
However, the position in which the reflecting plate 20 1s
provided 1s not limited to the positions of FIGS. 4A to 4C and
the like.

For example, 1n the column 10q of the end of the rack 4,
similar to the column 105 illustrated 1n F1G. 4B, the reflecting
plate 20 may be provided only on one surface opposite to the
first area A.

Moreover, in the columns 105, 10c¢. . . which are positioned
other than the end of the rack 4, as illustrated in FIG. 12, the
reflecting plate 20a may be provided on three surfaces in
which the carrier 3 traveling on the first area A can detect the
reflected light. FIG. 12 1s an explanatory view illustrating a
state where the retlecting plates are provided on three surfaces
in which the carrier 3 of the first area A can detect retlected
light. As illustrated 1n FI1G. 12, 1n the column 105, the reflect-
ing plate 205 1s provided on the first surface 105-1, the second
surface 105-2, and the thuird surface 105-3. The reflecting
plate 205 1s not provided on the fourth surface 105-4 which 1s
not opposite to the first area A. In addition, 1n the columns
106, 10¢ . . . the reflecting plate 20a may be provided on any
two surfaces among three surfaces in which the carrier 3
traveling on the first area A can detect the reflected light.

Moreover, as i1llustrated in FIG. 13, in the column 104 or
the like of the end of the rack 4, the retlecting plate 20 may be
provided 1n a position i which the carrier 3 traveling on the
second arca B cannot detect the retlected light from the
reflecting plate 20. FIG. 13 1s an explanatory view 1llustrating
a modification of the position in which the reflecting plates
are provided. In the column 10a of the end of the rack 4, the
reflecting plate 20a 1s provided only on the second surface
10a-2. On the other hand, in the column 104 which 1s pro-
vided on the end opposite to the column 10a, the retlecting
plate 204 1s provided only on the third surface 10d4-3. Thereby,
the carrier 3 traveling on the second area B can correctly
calculate the approximate line along the wall 2 based on only
the retlected light of the wall 2 or the like. Moreover, also in
the column 10 adjacent to the columns 10q and 104 of the end
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of the rack 4, the reflecting plate 20 may be disposed like the
columns 10q and 104 of FI1G. 13.

(b) In the above-described preferred embodiment, as 1llus-
trated 1n FIG. 4 or the like, the column 10 of the rack 4 1s a
square shape having four surfaces. However, the shape of the
column 10 1s not limited thereto. For example, the shape of the
column may include various shapes such as a rectangular
shape, a triangular shape, a circular shape, and an oval shape.

(c) When the carrier 3 travels on the boundary between the
first area A and the second area B, the position of the carrier
3 may be calculated based on both the measured data from the
reflecting plate 20 and the measured data from the wall 2 or
the like. At this time, the distance measuring sensor 30 detects
the light reflected from the reflecting plate 20 and the light
reflected from the wall 2 or the like according to the scanning
angle. The approximate line calculation unit 47 calculates the
approximate line based on both the measured data equal to or
more than the predetermined threshold which 1s reflected
from the reflecting plate 20 and the measured data smaller
than the predetermined threshold which 1s reflected from the
wall 2 or the like. The position calculation unit 46 calculates
the position of the carrier 3 based on both the measured data
from the reflecting plate 20 and the measured data from the
wall 2 or the like.

(d) In the above-described pretferred embodiment, the dis-
tance measurement data DB 45 stores the light receiving
intensity of all the reflected light which 1s measured by the
distance measuring sensor 50. When 1t 1s determined that the
carrier 3 1s positioned 1n the first area A, the approximate line
calculation unit 47 selects the measured data having the light
intensity equal to or more than the predetermined threshold
among the plurality ol pieces of measured data. Moreover, the
position of the carrier 3 1s calculated based on the measured
data which 1s selected. However, when the carrier 3 1s posi-
tioned 1n the first area A, the distance measurement data DB
45 may not store the light receiving intensity smaller than the
predetermined threshold. In addition, a filter which does not
receive the reflected light of the light receiving intensity
smaller than the predetermined threshold may be provided in
the distance measuring sensor 50.

(¢) In order to increase the accuracy of the approximate
line, the approximate line calculation unit 47 selects only the
measured data which 1s positioned within the predetermined
range with respect to the position of the column 10, and may
calculate the approximate line based on only the selected
measured data. The approximate line having high accuracy
can be calculated by excluding the measured data which 1s
separated from the position of the column 10.

The present invention can be widely applied to a carrier
which automatically travels on a travel pathway in which
surrounding structures are present.

While preferred embodiments of the present mvention
have been described above, 1t 1s to be understood that varia-
tions and modifications will be apparent to those skilled in the
art without departing from the scope and spirit of the present
invention. The scope of the present invention, therefore, 1s to
be determined solely by the following claims.

What 1s claimed 1s:
1. An autonomous warehouse carrier which automatically
travels on a pathway, comprising:

an autonomous warehouse carrier main body which travels
on the pathway including a first area and a second area
other than the first area, the first area including a rack
having provided thereon a reflecting plate and the rack
provided along the pathway, and the second area includ-
ing a wall provided along the pathway;
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a distance measuring sensor which 1s provided in the
autonomous warehouse carrier main body, measures an
intensity ol reflected light a plurality of times, the
reflected light being reflected from at least the reflecting
plate, and obtains a plurality of pieces ol measured data;

a map data storage umt which stores map data 1n which
structures provided along the pathway are recorded;

an approximate line calculation unit which calculates an
approximate line in the first area based on a set of pieces
of measured data having the light intensity equal to or
more than a predetermined threshold among the plural-
ity of pieces of measured data in the first area and cal-
culates an approximate line in the second area based on
the plurality of pieces of measured data in the second

area; and

a position calculation unit which calculates a position of
the autonomous warehouse carrier main body by collat-
ing the approximate line in the first area and the map data
or the approximate line 1n the second area and the map
data.

2. The autonomous warehouse carrier according to claim 1,

turther comprising:

a traveling motor which imparts driving force to traveling
wheels and enables the autonomous warehouse carrier
main body to travel; and

a travel control unit which controls the traveling motor
based on a given travel command and the calculated
current position.

3. The autonomous warehouse carrier according to claim 1,

wherein the set of the pieces of measured data having the
light intensity equal to or more than the predetermined
threshold includes a plurality of small sets which are
separated from one another, and at least one piece of
measured data 1s mcluded 1n each of the plurality of
small sets.

4. The autonomous warehouse carrier according to claim 3,

wherein the approximate line calculation unit calculates
the approximate line while having the plurality of small
sets which are separated from one another define the set
of the pieces of measured data.
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5. The autonomous warechouse carrier according to claim 1,

wherein a plurality of the structures in the first area are
provided along the pathway, and the reflecting plate
which reflects light with an intensity equal to or more
than the predetermined threshold 1s provided on each
structure.

6. The autonomous warehouse carrier according to claim 3,

wherein the retlecting plate 1s provided only on a surface
opposite to the first area of the structure.

7. The autonomous warehouse carrier according to claim 1,

wherein the approximate line calculation umt calculates
one approximate line based on the measured data from a
plurality of the retlecting plates which are arranged on a
column of the rack provided along the pathway.

8. A position calculation method of an autonomous ware-
house carrier which automatically travels on a pathway, com-
prising;:

a step of traveling the pathway including a first area and a
second area other than the first area, the first area includ-
ing a rack having provided thereon a reflecting plate and
the rack provided along the pathway, and the second area
including a wall provided along the pathway;

a step of measuring an intensity of reflected light a plurality
of times by a distance measuring sensor provided 1n an
autonomous warehouse carrier main body, the retlected
light being reflected form at least the reflecting plate and
obtaining a plurality of pieces of measured data;

a step of storing map data in which a structure provided
along the pathway 1s recorded;

a step of calculating an approximate line 1n the first area
based on a set of pieces of measured data having light
intensity equal to or more than a predetermined thresh-
old among the plurality of pieces of measured data in the
first area and calculating an approximate line in the
second area based on the plurality of pieces of measured
data in the second area; and

a step of calculating the position of the autonomous ware-
house carrier main body by collating the approximate
line 1n the first area and the map data or the approximate
line 1n the second area and the map data.
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